INTRODUCTION
Diabetes, a chronic degenerative disease that demands life-long lifestyle modifications and adherence to a treatment regime by the people affected 1 , has a negative impact on the individual's health-related quality of life (HRQOL) [2] [3] [4] [5] . The importance of optimizing HRQOL has been increasingly reiterated not only because of the associations between poor HRQOL and adverse outcomes in people with diabetes 2, 3 , but also because of a paradigm shift from the biomedical paradigm that focuses mainly on physiological outcomes to the social science paradigm that encompasses the functioning and overall well-being as the focus of diabetes care delivery 2, 3, 6 . Key drivers contributing to the paradigm shift include the increasing penetration of patient empowerment 7 and the adoption of the chronic care model 8 to collaboratively plan the care with the patients who face the consequences of the impact of such care on their daily lives 7 . In such a shift, HRQOL has become a frequent outcome measure in diabetes care 2, 3 .
To date, developing interventions that can improve both physiological outcomes and HRQOL in diabetic patients remains a constant challenge 1 . Research evidence is required to guide the planning of appropriate approaches to diabetes care. However, research has mainly focused on association analysis between HRQOL and variables logically identified from a clinical perspective 4, [9] [10] [11] [12] [13] . Whereas psychosocial variables are increasingly included in the analysis (for example, depression 5, 9 , psychological well-being 10 , treatment satisfaction 10, 11 and quality of care provision 12 ), there has been a lack of a theoretical framework to systematically select variables for investigation. This has resulted in a gap in the diabetes research literature about an empirically tested theoretical framework to understand the relationship between HRQOL, and physiological and psychosocial variables as well as the determinants of HRQOL. This gap in the literature might hamper the development of appropriate means to optimize both physiological outcomes and the HRQOL of people with diabetes.
This gap in the literature is obvious in Chinese populations with diabetes. China is one of the top two global epicenters of the diabetes epidemic, and, given its large population, might bear a higher diabetes-related burden 14 . Whereas a handful of HRQOL studies have been published on Chinese people who resided in Taiwan [15] [16] [17] , Shanghai 18 and Hong Kong 19, 20 , they mainly focused on scale validation or investigating the impact of living with diabetes. The inclusion of variables for the investigation in these studies might be considered as atheoretical.
Furthermore, diabetes prevalence in Chinese older people is high, with one-quarter and one-fifth of older adults being affected therewith in Hong Kong 21 and mainland China 22 , respectively. Care planning with older adults with diabetes is considered to be more complicated than with younger adults, and it requires empirical support 9, 23 . An understanding of the relationship between HRQOL and key health outcomes guided by a theoretical framework is required for Chinese older adults with diabetes.
In 1995, Wilson and Cleary 24 published their seminal conceptual model of HRQOL, which provides a causal pathway linking traditional clinical variables to HRQOL. Conceptually, Wilson and Cleary 24 linked five health concepts on a continuum (Figure 1 ), they are: (i) physiological factors; (ii) symptoms; (iii) functional health; (iv) general health perceptions; and (v) HRQOL. Beginning at the clinical level (biological, objective) at one end of the continuum and moving outward to the individuals' interaction with the environment to perceive a level of quality of life (psychological, subjective) at the other end, this model integrates both biomedical and social science paradigms. In terms of application, the model provides a theoretical basis for the selection of variables according to the series of health concepts on the causal pathway for clinical attention and research. The model has been empirically tested, and is widely regarded as facilitating the understanding of associations among objective clinical outcomes and subjective patient experiences in chronic diseases, including generalized anxiety disorder 25 , HIV/ AIDS 26, 27 and heart failure 28 . However, suchlike published work in diabetes is scarce 29 .
The present study therefore applied the Wilson-Cleary model of HRQOL 24 by using structural equation modeling (SEM) to understand the relationships among clinical and psychological outcomes in community-dwelling older Hong Kong Chinese people with diabetes.
MATERIALS AND METHODS

Setting and Participants
The present cross-sectional study, carried out in 2010, used a quota sampling method to select three primary care clinics as the setting for recruiting community-dwelling patients from each of the three geographical regions of Hong Kong, namely, Hong Kong Island, Kowloon and New Territories. It was estimated that 50% of diabetic patients attended primary care clinics for diabetes care. The quota sampling method was used to recruit 150 patients from each of the three clinics. All diabetic patients aged ≥60 years who attended the clinics were eligible. Those with language problems, such as stroke patients who exhibited speech difficulties, were excluded from the study. The final sample (n = 452) consisted of 152, 151 and 149 patients from each of the three clinics. All patients were informed about the study and asked to sign a consent form before data collection. Patient anonymity was preserved throughout the study.
Assessments Used in the Wilson-Cleary Model
A questionnaire was developed, guided by the conceptual model (Figure 1 ), in order to collect the variables (Table 1) of interest for testing. The questionnaire consisted of a sociodemographic sheet, a health assessment form and four instruments. After obtaining approval from the regional ethical committees and written consent from the patients, the data were collected by a trained research nurse by face-to-face interview. The latest physiological data were retrieved from the patients' records. In the SEM methodology, latent variables (represented by ovals in Figures 1 and 2) , as opposed to observed variables (represented by rectangles in Figures 1 and 2) , cannot be observed directly, and they are inferred indirectly by means of observed variables. In the present study, for example, symptom status was regarded as a latent variable that could be inferred from observed variables, such as the number of comorbidities, and the number of somatic symptoms and the self-rated severity of fatigue.
HRQOL
We used the Short Form 36 Health Survey (SF-36) for the measurement of HRQOL because of its popularity as a generic instrument for HRQOL in diabetic populations and its sensitivity to changes in health status -including the presence of diabetes complications and other comorbidities 2, 30 . In addition, research supports the usefulness of all the subscales for research purposes in older people 31 . The Chinese version of SF-36 (SF-36-C) 20 has been validated and used with Chinese people in Hong Kong. The HRQOL in the present study was assessed by six of the eight subscales of the SF-36-C 20 , namely, role functional physical, role functioning emotional, mental health, social functioning, bodily pain and vitality.
General Health Perception
Variables reflecting general health perception were obtained from three self-rated one-item measures, namely, self-rated general health status, and self-rated severity of chronic pain and fatigue; and one of eight subscales of SF-36-C 20 , general health perceptions. The self-rated measures were self-developed, anchoring on an 11-point scale (0 = extremely poor, or not at all severe; 10 = extremely well, or extremely severe). two-seven-item subscales: the physical self-maintenance scale and the instrumental activities of daily living scale.
Physical Functional Status
Symptom Status
Variables reflecting symptom status were obtained from the self-reported comorbidity characteristics, including the presence of comorbidities, such as hypertension, and the number of such comorbidities; somatic symptom characteristics, including the presence of symptoms such as loss of appetite, and the number of such symptoms; and self-rated measures, including self-rated severity of chronic pain and fatigue. Somatic symptom was measured by a self-developed list of 10 symptoms, including insomnia and constipation.
Clinical Variables
Clinical variables were obtained from diabetes-related characteristics, including the time since diagnosis, the age of onset and the type of diabetes treatment; and physiological data, including the glycosylated hemoglobin (HbA1c) level, blood pressure and the lipid profile. These three physiological data are the major physiological markers of diabetes control 33 . Blood pressure was taken on every clinic visit. A sample of blood was taken half-yearly for HbA1c and yearly for the lipid profile.
Characteristics of the Individual
Variables reflecting the characteristics of the individual were obtained from: (i) sociodemographic characteristics, including age, sex and working status; (ii) lifestyle characteristics, including smoking and drinking status, and the time spent on exercise per day; and (iii) psychological distress. The latter was measured by the Chinese version of the Rand Mental Health Inventory (RMHI-C), which assesses the mental health of Chinese people with adequate psychometric property 34 . The 38-item RMHI-C has two higher-order subscales: psychological well-being and psychological distress. Psychological well-being is further divided into two-second-order subscales: emotional ties and general positive affect. Psychological distress is divided into three subscales: anxiety, depression, and loss of behavioral and emotional control.
Characteristics of the Environment
Variables reflecting the characteristics of the environment were obtained from sociodemographic characteristics, including marital status and adequacy of income; and social support. The latter was measured by the Chinese version of the Medical Outcomes Study Social Support Survey (MOS-SSS-C), which assesses the self-perceived adequacy of functional social support with adequate psychometric property 35 . It has four subscales measuring the perceived adequacy of tangible support, informational and emotional support, positive social interaction, and affectionate support.
Statistical Analysis
Data were summarized and presented using appropriate descriptive statistics. We followed the two-step approach recommended by Anderson and Gerbing 36 to SEM. First, confirmatory factor analysis (CFA) was carried out to justify the measurement models (i.e., the grouping of observed variables) for the latent variables. Second, an initial structural path model was built on the basis of the Wilson-Cleary HRQOL model (Figure 1) . The initial path model was then modified by adding plausible paths with the use of modification indices and trimmed subsequently to obtain the final model (Figure 2 ) by deleting insignificant paths.
The SEM was carried out by using LISREL 8.8 (Scientific Software International, Inc., Skokie, IL, USA), and the parameters were estimated by the robust maximum likelihood method, which allows violation of multivariate normality assumption of the data. As the chi square-test is sensitive to sample size and violation of the multivariate normality assumption 37 , consequently, several goodness-of-fit indices were used to assess the overall fit of the path models. Guided by Schermelleh-Engel et al.
37
, the following fit indices were chosen: (i) the chi squarestatistic to degree of freedom ratio (v 2 /df); (ii) the root mean square error of approximation (RMSEA); (iii) adjusted goodness-of-fit index (AGFI); (iv) the comparative fit index (CFI); and (v) the non-normed fit index (NNFI). A value of 2 <v 2 /df ≤3 indicating an acceptable fit to the data, with a value of v 2 /df ≤2 indicating a good fit 37 . The AGFI, CFI and NNFI usually range from 0 to 1, with AGFI ≥0.85, CFI ≥0.95 and NNFI ≥0.95 indicating an acceptable fit to the data 37 , whereas AGFI ≥0.9, CFI ≥0.97 and NNFI ≥0.97 indicating a good fit 37 . The smaller the value of RMSEA indicates a better fit, with values ≤0.08 indicating an acceptable fit and with values ≤0.05 indicating a good fit 37 . All other statistical analyses were carried out using SPSS 18.0 (SPSS Inc., Chicago, IL, USA). All statistical tests were two-sided, and a P-value <0.05 was considered statistically significant.
RESULTS
Patient Characteristics
A total of 586 eligible subjects had been approached in the three primary clinics, among them 452 subjects agreed to participate in the study (77% response rate). Table 1 shows the descriptive information of the 452 participants included in the study.
Structural Equation Modeling
Applying the first step of the two-step approach 36 to SEM, a CFA was carried out to justify the measurement models for the latent variables. Initially, both the observed variables of selfrated fatigue and self-rated chronic pain were allowed to measure both the latent variables of symptom status and general health perception. By CFA, it was found that self-rated severity of chronic pain and fatigue did not reflect the latent variables of general health perception and symptom status, respectively. A first-order CFA was then carried out to assess the adequacy of the measurement model of the latent variables, including clinical variables, symptom status, physical functional status, general health perception, HRQOL, psychological distress and social support. The latent variables were allowed to correlate freely with each other. The results of the CFA showed an adequate fit to the data (RMSEA = 0.079, AGFI = 0.95, CFI = 0.95 and NNFI = 0.94). Table 2 gives the final observed variables chosen to measure the latent variables involved in the present study.
Applying the second step of the two-step approach 36 to SEM, plausible pathways on the Wilson-Cleary model 24 linking sociodemographic, lifestyle, diabetes-related, and clinical variables to the latent constructs were added and examined. The path model was refined subsequently with the use of modification indices for adding plausible paths and trimmed by deleting insignificant paths subsequently. Figure 2 shows the final path model obtained, as well as the standardized path coefficients and proportions of variance of endogenous variables explained. The chi square of the final model was 747.9 with a degree of freedom (df) of 268, P < 0.001. showed that the final model was a reasonably good fit to the data 37 . All path coefficients were significant (P < 0.05). The model explained for 66, 64, and 72% of the variance of HRQOL, general health perception, and physical functional status, respectively.
Our final model (Figure 2) shows that no considered clinical variables, namely, diabetes-related characteristics (e.g., type of treatment) and physiological data (e.g., HbA1c), had any significant direct or indirect influence on HRQOL. Among the considered variables reflecting the characteristics of the individual, age (standardized path coefficient b = -0.27), female sex (b = -0.17) and physical activity (b = 0.11) had a significant effect on physical functional status, which in turn affected HRQOL through general health perception (b = 0.59), whereas psychological distress had both a direct (b = -0.36) and indirect (b = -0.30) effect through general health perception on HRQOL. Among the considered variables reflecting characteristics of the environment, sociodemographic characteristics, such as marital status, had no significant direct or indirect influence on HRQOL, whereas adequacy of income (b = 0.06) and social support (b = 0.06) both had a significant direct influence on HRQOL. Of note, symptom status had a significant direct path (b = -0.61) to general health perception in addition to the indirect pathway (b = -0.70) from physical functional status to general health perception (b = 0.14).
In summary, we identified nine determinants with both a direct and indirect effect on the HRQOL of the studied population (Figure 2) . The four determinants with a direct effect on HRQOL (66% of variance explained) were: general health perception, psychological distress, adequacy of income and social support. The three determinants with an indirect effect on HRQOL through general health perception (64% of variance explained) were: symptom status, physical functional status and psychological status. A further four determinants that exerted an indirect effect on HRQOL through physical functional status (72% of variance explained) were: symptom status, age, sex and physical activity. The determinants of sex, age, physical activity and psychological distress are categorized as characteristics of the individual (Figure 2 ), whereas social support and adequacy of income are categorized as socioeconomic characteristics of the environment.
DISCUSSION
To our knowledge, this is the first study to examine the determinants of HRQOL based on the Wilson-Cleary model 24 in community-dwelling older Hong Kong Chinese people with diabetes. Our findings delineate an overall path model linking the patients' individual and environmental characteristics, symptom status, physical functional status, general health perception, and HRQOL with directional pathways. This model can enhance our understanding of the underlying complex biological and psychological processes impacting on the HRQOL of older people with diabetes.
The present study not only adds to the growing body of literature on the Wilson-Cleary model [25] [26] [27] [28] , and supports its usefulness as a theoretical framework to understand the The lower the number the better Self-rated severity of chronic pain Ranged 0 -10, the lower the score the better Physical functional status OMFAQ-C physical self-maintenance score Ranged 0 -14, the higher the score the better OMFAQ-C instrumental activities of daily living score Ranged 0 -14, the higher the score the better SF36-C physical functioning subscale score Ranged 0 -100, the higher the score the better General health perception Self-rated general health status Ranged 0 -10, the higher the score the better Self-rated severity of fatigue Ranged 0 -10, the higher the score the worse SF-36-C general health subscale score Ranged 0 -100, the higher the score the better Health-related quality of life SF-36-C bodily pain subscale score Ranged 0 -100, the higher the score the better SF-36-C role physical subscale score Ranged 0 -100, the higher the score the better SF-36-C vitality subscale score Ranged 0 -100, the higher the score the better SF-36-C social functioning subscale score Ranged 0 -100, the higher the score the better SF-36-C role emotional subscale score Ranged 0 -100, the higher the score the better SF-36-C mental health subscale score Ranged 0 -100, the higher the score the better Psychological distress RMHI-C anxiety subscale score Ranged 10 -60, the higher the score the greater extent of anxiety RMHI-C depression subscale score Ranged 5 -29, the higher the score the greater extent of depression RMHI-C loss of hehavioral/emotional control subscale score Ranged 9 -53, the higher the score the poorer behavioral/ emotional control Social support MOS-SSS-C tangible subscale score Ranged 0 -100, the higher the score the better MOS-SSS-C affecctionate subscale score Ranged 0 -100, the higher the score the better MOS-SSS-C positive social interaction subscale score Ranged 0 -100, the higher the score the better MOS-SSS-C emotional -informational subscale score Ranged 0 -100, the higher the score the better relationship among the clinical and psychological outcomes of patients with chronic illness, but also provides insights to enhance HRQOL among diabetic patients. In the present study, we identified six patient individual and environmental characteristics, namely, age, sex, physical activity, psychological distress, social support and adequacy of income, that significantly influenced HRQOL directly or by way of physical functional status and general health perception. In particular, improving social and financial support, as well as providing interventions to promote physical activity and to cope with psychological distress in this patient population might be effective to eventually enhance their HRQOL. We have identified four previous applications of the WilsonCleary model 24 in populations with chronic illness [25] [26] [27] [28] . The study 25 of patients with generalized anxiety disorder used the measure of clinician-rated severity of the illness as the clinical outcome, and it was influential on HRQOL. One of the two studies of patients with HIV/AIDS 26 showed that the physiological outcome is one of the determinants. The other study in patients with HIV/AIDS 27 again showed that the clinical variables including physiological outcomes are influential on HRQOL. The last study partially applied the Wilson-Cleary model in Hong Kong Chinese patients with heart failure 28 , in which the role of clinical outcomes on HRQOL was not examined. SEM was used in the first three studies, and adequate fit to the Wilson-Cleary model was found in all of them. Although the present study results are largely consistent with the Wilson-Cleary model, diabetes-related characteristics and physiological outcomes, including time since diagnosis, age of onset, type of diabetes treatment, HbA1c level, blood pressure and lipid profile are all not associated with symptom status as suggested by the theoretical HRQOL model. This can probably be related to the fact that our sample was drawn from community-dwelling older adults with stable diabetes control. Given that diabetes is an insidious disease, most diabetic patients perceive a stable health status until they suffer from diabetes complications, such as retinopathy, neuropathy and nephropathy. Therefore, the diabetes-related clinical and physiological variables might not be perceived as factors influencing the studied population's HRQOL through symptom status. A cohort study with community-dwelling UK older adults 38 showed that functional well-being and emotional experience are more instrumental to daily living, and in turn exert more influence on HRQOL. A national study with USA older adults 39 showed that emotional well-being and activities of daily living impact on HRQOL. Nevertheless, a recent Taiwanese study 40 reported that high HbA1c level could adversely affect HRQOL in diabetic patients with <10-year disease duration. Further research is therefore warranted to confirm the role of diabetes-related characteristics and physiological outcomes in influencing HRQOL of diabetic patients, particularly those who have stable diabetes control.
While using a theoretical framework to guide the study was our strength, attention should be drawn to the limitations of the study, including a non-probability sample of patients who were community-dwelling older adults with type 2 diabetes attending primary care. The results showed that our sample generally had stable diabetes control, as shown by the physiological data, which reflected the diabetic patient profile expected at the primary care setting 31 . The present findings might not be generalized to patients of other age groups, or with unstable conditions or with advanced diabetes complications and who attend tertiary care. Our sample generally engaged in a healthy lifestyle, and had low levels of severity of fatigue and chronic pain. However, these findings were only self-reported. Another limitation lies with the cross-sectional design of the present study; our results cannot establish any cause-effect relationships. Finally, some caution is required in interpreting the study results. Two of the eight subscales of the SF-36, the physical functional and general health subscales, were used to measure physical functional status and general health perception in the Wilson-Cleary model, and the remaining six subscales were used to measure HRQOL. Although the internal consistency of the eight SF-36 subscale scores of our sample was reasonably high (Cronbach's alpha 0.82), it is possible that our measurement model of HRQOL might not fully reflect the usual concept of HRQOL. Furthermore, the generic measurement of the symptom status in our path model might not appropriately reflect the symptoms of diabetic patients, such as, hypoglycemia and hyperglycemia. This might explain why diabetes-related characteristics and physiological outcomes were not associated with the symptom status of the model. Nevertheless, the present findings provide important implications for knowledge development in enhancing HRQOL in older people with diabetes.
For healthcare providers of primary care setting, our findings provide an important insight into optimizing both the physiological and psychological outcomes of older adults with diabetes. Healthcare providers should focus not only on diabetes-related treatment and physiological outcomes, but on caring for the person as a holistic being who faces challenges arising from living with diabetes as well as other challenges arising from the total life context -the biopsychosocial environmentreflecting the philosophy of integration both of biomedical and social science paradigms in healthcare of the Wilson-Cleary model 24 . Furthermore, as shown in the present findings, patients' experiences, such as the severity of fatigue, the number of somatic symptoms, the number of comorbidities, the ability to take care of activities of daily living, the severity of chronic pain and psychological distress, are influential on HRQOL. These experiences resemble some features of 'geriatric syndrome', which 'is related to the impairment of multiple systems due to aging as well as age-related disease' 41 . Taking the present findings and the literature together, we recommend that healthcare providers should adopt an empowerment approach 7 and a chronic care model 8 in order to develop an equal partnership with Chinese older adults so as to plan appropriate care that can optimize both their physiological and psychological well-being. Healthcare providers should mobilize resources to create a supportive environment, such as social support and financial adequacy, for older adults. In addition, a heightened awareness of the opportunistic screening of geriatric syndrome among such older adults should be developed 9, 41 .
